Background: Achilles tendon thickness (ATT) has been associated with increased cardiovascular risk in patients with familial hypercholesterolemia (FH). The aim of this study is to establish the correlation among ATT, obesity and established cardiovascular risk factors such as diabetes mellitus, hypertension, coronary artery disease, peripheral artery disease, smoking, and dyslipidemia. Methods: In total, 19 patients (male 31.5%, mean age 60.0±12.5) with dyslipidemia and 96 control (male 64.6%, mean age 62.3±8.5) were enrolled. ATT was measured by ultrasonography. Anterioposterior diameter which represents the ATT was measured bilaterally, 4 cm above the insertion of Achilles tendon to the tuber calcite. Dyslipidemia was defined as elevated total cholesterol, triglyceride, or LDL cholesterol, or low levels of HDL cholesterol. Results: There was no significant differences including ATT between the two groups (for ATT, dyslipidemia group, 0.44±0.04 vs control, 0.45±0.02 cm, p=0.783). There was no significant correlation between ATT and other cardiovascular risk factors except weight (r=0.34, p=0.007) and body mass index (r=0.63, p<0.001). Dyslipidemia was not significantly correlated with ATT (r=0.02, p=0.783). Use of statin was not significantly correlated with ATT (r=0.04, p=0.605). Conclusion: ATT was not significantly increased in patients with dyslipidemia. Lipid accumulation of Achilles tendon was not found in patients with dyslipidemia in this study.
INTRODUCTION
The reduction of risk factors for cardiovascular disease can prevent the incidence of the cardiovascular diseases.
So, the evaluation of an individual's risk of experiencing a future cardiovascular event increasingly forms the basis of clinical guidelines for the prevention of cardiovascular diseases worldwide. 1 Life style risk factors including obesity are strongly associated with established cardiovascular risk factors. [2] [3] [4] The harmful impact of obesity on the incidence of subsequent cardiovascular disease is partly mediated by increased levels of cardiovascular risk factors, in particular hypertension, dyslipidemia and diabetes. 5 Tendon pathology inclusive of Achilles tendon thickness (ATT) has been shown to be associated with fat distribution in some previous investigations. [6] [7] [8] And ATT has been associated with increased cardiovascular risk in patients with familial hypercholesterolemia (FH). [9] [10] [11] Imaging techniques that have been used for the eva- 
MATERIALS AND METHODS

Study population
Ultrasonographic measurement of Achilles tendon thickness
The ultrasonographic examination was performed with a real time B-mode scanner with a 5-10MHz electronic linear array transducer (iE33 imaging system, Philips, Andover, MA, US). The optimal focal zone of the transducer was placed at the level of the tendon to assess the tendon structure optimally. Special care was taken to ensure that the probe was parallel to the tendon to avoid the potential artifact of focal hypoechoic areas due to anisotropy. Each ATT was examined ultrasonographically according to a standardized protocol in transverse and longitudinal scans. 16, 17 Patients were examined in a prone position with both feet hanging free over the edge of the scanning table; the US was performed statically and dynamically. Pressure on the imaged tissue was avoided as much as possible. ATT was measured as the short diameter at the level where the tendon was most thickened. The echo structure of the ATT was considered normal when the typical hypoechoic collagen (fiber bundles) with its hyperechoic internal peritendinea could be seen. US of the patients was performed by one investigator with extensive experience in musculoskeletal ultrasound.
Statistical analysis
The SPSS software was used for statistical analyses 
RESULTS
Demographic baseline characteristics in two groups
The baseline characteristics of the normal (n=96) and dyslipidemia (n=19) groups are shown in Table 1 . Most demographic characteristics were similar in the two groups (p>0.05), including age, sex, height, weight, BMI, DM, hypertension, CAOD, systolic blood pressure, diastolic blood pressure, heart rate. The proportion of those treated with statin, percutaneous coronary intervention and ischemic stroke showed significantly higher in group of dyslipidemia (p<0.05). www.lipid.or.kr 
Laboratory data and Achilles tendon thickness in two groups
Laboratory data were similar in the two groups (p> 0.05), including total cholesterol, TG, HDL-C and LDL-C.
There was no significant difference between two groups (for ATT, dyslipidemia group, 0.44±0.04 vs control, 0.45 ±0.02 cm, p=0.783). ATT was not significantly increased in patients with dyslipidemia (Table 2 ).
Correlation of Achilles tendon thickness and cardiovascular risk factors
Correlations of ATT and various values were showed in Table 3 . Linear correlation analysis revealed a significant correlation between weight, BMI and ATT (for weight, r=0.34, p=0.007; for BMI, r=0.63, p<0.001) (Fig. 1 A and   B ). ATT was not significantly correlated withage, DM, hypertension, CAOD, PAOD, percutaneous coronary intervention, stroke, dyslipidemia, use of statin. And ATT was not significantly correlated with total cholesterol (r=-0.09, p=0.356), TG (r=-0.04, p=0.629), HDL-C (r=-0.06, p= 0.501) and LDL-C (r=-0.03, p=0.694) (Fig. 1 C-F) .
DISCUSSION
Carotid intima-mediathickness (IMT) is very useful and validated marker of atherosclerosis 18 and there was a positive correlation between ATT and IMT. 19 For the first time higher ATT was found in FH patients with more advanced carotid atherosclerosis, these results may suggest that ATT is associated with carotid atherosclerosis.
Moreover, abnormal Achilles tendon echogenicity may be also associated with carotid atherosclerosis. These results may explain why Achilles tendon xanthomas are associated with premature cardiovascular disease. 19 For statin treatment, a study presented that statin reduces ATT in FH patients with normal Achilles tendon echostructure. [20] [21] [22] [23] Atherosclerotic plaque and tendon xanthomas share common mechanisms of lipid accumulation. 24 The clue indicating a possible correlation between atherosclerosis and formation of Achilles tendon xanthoma is that patients with both lesions have a similar clinical and biochemical profile. 25 Some studies showed lipid profile characteristics of dyslipidemia in subjects who had been with chronic painful midportion Achilles tendinopathy or with Achilles tendon rupture. It showed the possibility of lipid blood levels predisposing individuals to Achilles tendon ruptures.
A higher risk for patients with a pathological lipid status has been described by several authors. 25 For metabolic syndrome, there was a study revealed that subjects with chronic painful midportion Achilles tendinopathy have a lipid profile characteristic of a dyslipidemia that is most commonly seen a long side the insulin resistance syndrome. 26, 27 So we can suppose that there might be more than simple inflammation of Achilles tendon and also The correlation between obesity and ATT has been previously investigated [6] [7] [8] and Achilles tendon pathology was reported to be correlated with central or peripheral fat distribution. 8 Expansion of adipose tissue depots in the upper body and, in particular the abdominal area, is associated with metabolic dysfunction and increased cardiovascular risk. 28 As both lipids and insulin resistance play a central role in this relationship, recent findings associating dyslipidemia and Achilles tendinopathy implicate abdominal fat in the pathoaetiology of Achilles tendinopathy among men. 8 Limitations of this study must be acknowledged. First, it was approximately not equal numbers of normal group and dyslipidemia group. The group of dyslipidemia is relatively much smaller than normal group. Second, the sonographic data was performed by a well experienced sonographer but single examiner can cause bias of data and make it difficult to correct the wrong values. And further prospective studies about causality with a larger number of patients are needed.
In conclusion, this study demonstrated that ATT was only significantly positive correlated with BMI and weight however, dyslipidemia was not significantly correlated with ATT. Lipid accumulation of Achilles tendon in dyslipidemia, not FH does not seem to be distinct in this study.
